
The.Ro1e of Roasted Chromite Ore in 

Introduction 

The observation 9f individual cases, prin- 
cipally in Europe, and later epidemiological 
studies in the United States and Eng- 
land6 leaves little doubt that workers in 

-0 chromate-producing plants experienced a 

I 

-~ 
higher risk to cancer of the lung thaa would 
be expected among such a ppulation. At- 
tempts to identify the specific causative 
agent by epidemiologic methods have not 
been successful because, particularly in the 
older plants, the general atmosphere has 
been contaminated by dusts and mists from 
several processes and because a worker has 
seldom remained in a single job for the 
duration of his employment, Consequently, 
laboratory studies were undertaken by sev- 
eral investigators including Hueper’ and 
Baetjer * to determine whether materials 
from a plant would produce cancers in ani- 
mals and to identify the responsible agent. 

In the early animal experiments complex 
materials from the plants rather than pure 
compunds were generally used in efforts 
to produce cancers in animals. Using roasted 
chromite ore mixed with sheep fat im- 
planted intrapleurally and intramuscularly, 
Hueper produced squamous-cell carcino- 
mas coexisting with sarcomas of the lung 
in 2 of 25 rats and fibrosarcomas of the 
thigh in 3 of’ 31. No tumors occurred at 
the site of implant in 30 control rats, He  
interpreted these results as highly sugges- 
tive that the roasted ore contains a carcino- 
genic agent, but the experiment still did not 
identify the agent, Little evidence that some 
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form of chromium is the carcinogcn had 
been presented until IIueper and Payne 10 
produced cancers it1 rats usitrg pure chro- 
tniuni cornpotin&. Additional evidence was 
furnished by the similar production of can- 
cers in mice by l’ayne.” 

At thc time the present experinicnt was 
started cancers had not been produced by 
pure chroiiiiuni coiiipounds and doubt still 
existed among some investigators that chro- 
miutn in any forin was responsible for the 
disease, Some had suggested that an organic 
carcinogen arising from the roasting kihs, 
the fuel for which is an  industrial type fuel 
oil, may be the causative agent, while others 
believed chromium may be acting as a pro- 
moting agent rathcr than as  a primary 
carcinogen, 

The research described in this paper was 
undertaken with the approach that a further 
analysis of the complex materials contribut- 
ing to the atmospheric contamination of the 
plants might yield information that would 
be useful in selecting materials for their 
cancer producing properties. Because the 
roasted chromite ore, commonly referred to 
as the “roast,” produces more acute toxic 
effects than the rcsidue from the first leach- 
ing of the roast, the residue was selected for 
fractionation, analysis, arid animal testing. 
This niaterial contains all of the elements 
present in the roast but less of the acutely 
toxic sodium chromate, making it possible 
to administer a larger dose of nontoxic 
materials to the ani!nals. The residue was 
the material suggested by the Public Health 
Service studys as most likely to contain the 
carcinogenic agent or agents. 



CHROMITE ORI:' I N  PROOLIC1'10.V OF CANCER 

Procedure 
1. Particle Sisc i;ru~lio#a!ion.-The first step in 

the ana1;sis of tlie rcsiduc dust was fraclioiiatioii 
into f a i r  particle sire fmtions : (1) grcalcr ~ l i a n  

2 ~ .  Tlie separaliotu wcrc nrule first 6y sccliiiictiln- 
tion in butand accortlhig to ~l ic  procctlirrc cle- 
scribed by Crtnitiiings 'I and Iakr by clutriation with 
air u s i q  tlie Kollcr Particle Size Analpzcr as 
iiianufacturcd by the Aiiicrican lnstrumcnt Com- 
pany. 

2. Cltrrtiicat Artalys;.r.-TIic four Crnctioiis of 
ihc dust as wdl as [lie wliolc (lost were nrinlyzetl 
for water soluble hexavalciit, acid sd\ible, w t l  

total chroiiiicmi, Thc coloriniclric chronintc 
nictliod dcscribed by Sa*vlell was iacd uliliziiig 
neckman Model DU Kid Modcl B apcctropho- 
tomettrs. 

Vanadium clctcriiiinations wcrc iiraclc by first 
sepnratiiig this elcirlent froin iiiterfering iiretals 
using copferron and tlieii thc pcroxicle coloriiiietric 
nietliod described by Saiidell. 

X-ray diffraction was employed in an cffort to 
determine some of tlic spccific caiipouncls found 
i n  the residfie and to determine wlictlicr there is a 
variation in the amounts of these conilmunds in 
the various size fractiocr. The x-ray diffraction 
aiialpsis was perf or ind in another laboratory using 
the Debyc-Schcrrer x-ray diff ractimi tecliniquc. 

3. Atrirrrd Teditlg.-T.'c niinial testing was in  
two parts. In the first, the materials were in- 
jec+ed subcutaneously in mice with and without a 
i.rlowti carcinogen, and in the second the residue 
was implanted surgically in mice and rats. 

(a) Subcutaneous Injection in  Mice: Tlic fol- 
lowing materials were selected for admiiiist ration 
to mice: (1) rcsidue lcrs tlinn tOfi i n  size froni 
which practically all vater soluble Iicxavaleiit 

lop; (2) sp to lop; (3)  2p to sp, a ld  (4) lrss rhan 

.>. 

chraiiium tixl tcrii rciiiovccl; (2) 5p to lor frac- 
tiori; (3) less41iaii 5 Iraction, RIKI (4) cliraitic 
pliosplinte with iio particles larger tliaii lor. These 
fractions not only givc a compnrison of tlic bio- 
logical cffcct of tlic cliffcrcnt sitc fractions but 
nlso of varying hcxavdcnt elrmniinii coiiicnt f r a i l  

pritctically tcro Io Rhmit  4 nig. pcr adiiiiiiistcrccl 
dosc. The  chroiiiic plmph:rtc was sclccted for its 
insolubility. To iiivcstigatc tlie rffcct of thc rcsicluc 
011 (tic action of a kitow carciitogci\, cad\ fraction 
was adniiiiistcrccl with and without .t,4-bcazpyrcnc. 

The matcrials \vert aclniinistcral to C57 Black 
mice frow tlic N.I,II. colony RS R siispciiaioti of 
IIIC dust in  tricaprylliii (Enstninn Triochiidii). 
Tlic ircaliiiciit consisid of a singlc siilxutanctnis 
injccliocr in Ilic iiagc of Llic ricck of 0.2 i d .  of 
thc vcliiclc containing 10 ing. of (lust aid, in tlic 
rase of tlic groups rccciving tlic knowii cnrciiiogcn, 
0.05 nig. of bctizpyrcnc There wcrc 10 groups of 
niirc with 26 nlrllt-5 aid 26 feninlcs in cacli group. 
Tlicy werc hoiisai in staiiilcss strcl stispcnclccl 
cages with 13 mice to a cage and had RCCC..~ to 
drinking water and food pctlcts at all'times. I'hc 
expcritnental sclieine is sliown in Table 1. 

This sclicnic was sclcctcd so that it woiild bc 
jmsiblc to evaluate riot only thc differcnccs in the 
rcsiilis protliiccct by tlic chroininiii coiiipociiitls but 
also the cffcct, cithcr promotion or inhibition, of 
tlie clirotiiiutit coiiipouiicls on thc prochiction ol  
tuinors by tlic known carcinqen. 

(Ir) Iniplantaiion in Mice ancl Rats: As a 
Zurilier test of tlie caxiiiogctiicity of the rcsidue, 
thc wliolc dust was niixcd with sheep fat and 
irnplaiited as described by Hucpcr and Payne" 
in the thigh muscle. of 26 niale atid 26 feniale C57 
Black mice and 35 (IS inslc and 20 female) 
Retliesda Black rah. A group of 35 rats of the 
same strain received iiriplants in the right pleural 
cavity. As controls, an equal number of niice ancl 

TABLE 1 .--E.rport'nwnfol S r h e w  
Bio-Assay of Dust from a Chromate-Producing Plant 

Oroup Number 

I 111 V VI1 I X  

M ntcrlnl Vshlcle ouly Wnkr crtrnckd Clirornlc phos- Reslduo b - 1 0 ~  Reslduo leu lhnn 
2P edmlnbkred rdduc Icu than phate less thnn 

IC 
tor IO* 

. *  

Oroup Number 
+ 

I1 I V  VI VI11 X 

Mnterlnl Benrpyrene \Vnlrr axtrncled Chromlc phos- RPsldue bp1Op Reelduc I* tbm 
ndmlnbtewd reildur r.nd pbnb end mlcrom k $14 dr benrprrenv 

Miirpyreiio bempyreno bcnry ynno 

Twenty slr malo and trcnty rlr fcmolo Cb7 Block mlm In each froup of mnlmah. 
Ttlcap+ykln (Eastman Trlactsnoln) mSm used a3 a vahlclc. 
Dose: 10 mg. of duet ond 0.0S mg. Lnrpywno In 0.2 ml. ol vehlcle. 
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TAELE 2.-Pcrcmt Chronriurn Confcnt of Parliclc Site 
Fractions of Wesiduc Dust 

I 

2r.br Dolow 2r Wholo A ~ V O  IO# 6r.lOr 

, 4.48 Wakr duble hexavalent Cr 1.63 ' 1.30 1.11 a m  - - - - - 
Total Cr 7.Q 8.1 6.9 6 .a 6 S 

- 

rats reccivcd shccp fat orly. For mice thc (ION 
was 10 mg, of dust and 20 mg. of fat and for 
rats 25 nrg. of dgst and 50 mg. of fat. 

Aninids were examined weekly and killrd when- 
ever a firm mass n ctntimcter or more in diamctcr 
appcard at the site of implantation. A post- 
mortcnr exm$natiw was perfoflid on each animal. 
Organs and tissucs with gross pathological lesions 
were studied by histological examination. 

Observations 
1. Fractionadion and Cherrtical A n a l p k  
The analysis of the fractions of the resi- 

due dust gave the results listed in Table 2. 
The water soluble hexavalent chromium 

( C Y 6 )  content of the residue increases 
with decrease in particle size, while the total 
c'lromium does not change appreciably. The 
Cr+O content of the fraction under 2fi is 
approximately 3.5 times that of the fraction 
larger than lop. There was little variation 
in the acid soluble chromium. 

None of the fractions contained amounts 
of vanadium large eno2gh to measure quan- 
titatively by the method employed. 

The x-ray diffraction analysis shows .that 
sodium chromate is present in the crystalline 
form, and that its concentration increascs 
with decrease in particle site. In a less than 
2p fraction a small amount of kaolinite is 
present. 

2. Airitrial Testing of Residue by I t t j w '  
tion in Mice.-With the exception of the 
groups receiving the less than 2p fraction 
of the residue, which contained the highest 
percentage of hexavalent chromiuni and was 
the most toxic, there were very few deaths 
from causes other than tumors during the 
first 15 months of the experimc.,t. Only 17 
deaths were from other causes in the 8 
groups and not more than 4 in any one 
group. It was during thc first 15 months 
34/22 

that a majority of the tumors were ob- 
served, only thrce occurring after that time. 
Among the groups that did not receive 
benzpyrene thc totd deaths from other 
causes at the end of 22 months of observa- 
tion were quite uniform except for the 
group that received the less than a 2p fraction 
of the residue. It appears, therefore, that 
risks other than the Occurrence of tumors 
at the site of injection did not adversely 
affect the incidence of tumors among'these 
grottps. This was confirmed by a life table 
analysis.' 

After 22 niociths of observation three 
tuiiiors at the site of injection had been 
observed among those mice receiving the 
water extracted residue with no benzpyrene 
[Group IIT (Table 3)]. No tumors oc- 
curred at the site of injection among the 
anitiiats that received tricapryllin vehicle 
only, the chronic phosphate or the other 
fractions of the residue, although at the site 
of injection there was a continuing expo- 
sure of the surrounding tissue to the insol- 
uble dust. Proof of this is the fact that as 
long as 21 months after injection a deposit 
of grew material was found in the nape of 
the neck of the mice receiving chromic 
phosphate, and in some of the animals into 
which residue and benzpyrene were in- 
jected, brown powder was observed in the 
tumor sections. 

From Table 4 it will be seen that the 
tumor incidence in the groups receiving 
benzpyrene and resfdue dust decreases with 
the increasing amount of hexavalent chro- 
mium (Cr+8) in the dust (Figure), The 
reduction in the percentage of tumors from 
37% to 21% with an increase of only 0.037 
mg. of Cr+@ does not appear to be due only 
to the increase in Crt6, The benzpyrene 

Val, 1, M y ,  l%v 

, 



CHROMITE ORB IN PRODUCTION OF CANCER 

TABLE J.--Tui~ors at Sile of Adttriu&lratiorc of Rcddnc Dust and Chrotnic PIIosphotc 
Without Benrpyrenc 

.--e.-- --- 
Wdgbt of Ohminim 

(nrr Cr) pw D m  
NO. -, NO. 

Anlmal and Route Anlmals hInUrln1 Vchlclo Iloxnvalcnt Total Tumors 

(Coli trols) Trltxpryllln 0 0 0 
I I, 0,037 mi, 0,60 mg. 3 Rcsldue, exlrnckd 

0.003 a.M 0 
,I ** 0.17 0.G9 0 

0.45 0.08 0 
8'2 Rt'~ld?lB Ifi-lOr 

#I 
Mlce (Subcut.) bl I 

. IIC 
V 

VI1 
I X  

?) 11 1) 53 Chromlc phmphnb 
8 ,  

PP 1, 1, - I2 RCddU&<'Lr 

8Mp 11 Int 0.4 9.0 a 
0.4 2 BO 1 

a 0 0 
0 0 0 

0.16 0.79 0 

93 Reslduo (wholc) 
,I , I  

Rsta (Plcuml) 
Hats (Thigh) M 
Rota (Plcurnl) a 
Rats (Thigh) 35 

Mlm (Thigh) 82 (Controls) 0 0 0 
Mice (Thbh) 

,P 

1) 

I1 

I* 

(COIllrols) 
(Cualrold 

82 Rcshluo (whole) 

control animals received no dust while all 
the others did. The inert dust may reduce 
to some extent the effectiveness of the bent- 
pyrene in producing tumors, since the chro- 
mic phosphate, which contains practically 
no hexavalent chromium, when injected 
with benzpyrene prodwed the same per- 
centage of tumors as the residue containing 
0.037 mg. of Crta  and benzpyrene. The 
reduction of the potency of the benzpyrene 
is shown further by a small increase in the 
latent period from the time of injection to 
the appearance of tumors. This reduction 
in the potency of the benzpyrene may not 
be due entirely to the larger quantity of 
hexavalent chromium in the smaller size 
fractions, but it may be caused in part by 
the larger total surface area of the small 
part icles. 

Histological examination of the tumor 
sections revealed that all were sarcomas. 
Those produced by bentpyreire were mostly 
of the spindle-cell type, while two of those 
produced by the residue were round-ccll 
sarconias and one was a fibrosarcaim 

3. Ani+rtal Testing of Rcsidizr by Irtr- 
plrmrution of Mice ond Ruk-No tumors 
occurred at the site of administration in 
the mice which rWived iniplants of residue 
mixed with sheep fat or sheep fat alone. 
In the 35 rats which received intrapleural 
implants of the whole residue dust in sheep 
fat, at the end of 17 months r?fter implanta- 
tion three died with tumors ir! :he pleural 
cavities, while in the intramuscular group 
one was killed with a tumor in the thigh, In 
the control groups that received the fat 
intrapleurally or intraniuscuiarly no tumors 
occurred. 

TAELC 4.-Subcutancour Injection of Rea'dw and Cltrutrric Phosphofc tcdh Brwpyrenc 
Number and Percentage of Tumors at Site of Injection, Latent Period, an$ Dose of 

Hexavalent Chromium (Cr+") - 

Qroup No. Materlsl 

Turnon 

No. % t  
1 

Intcrvnl Cr+@ AIg. 

IC Bencpyrens- 18 31 6.5 0 

V I  Chromlc Phosphate & bcncpyrr. L 11 21 6.5 0.001 
VlII Reslduc, IiplOr, & bcncpyrcno a I5 7.6 0.17 

I V  Extrded Rcrldue & benrpyrcne 11 21 8.4 0.037 

, x  Rcslduc, lesa thnu'2r. & bcnzpyreoo 2 4 9.0 0.45 

ltitcmd In months bqtwwn w'mlnlstmtlon of matcrlnl urd denth from tumor, 
1 l'crwnlage of tow1 number or mica lnbkd. 
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OOSE OF HEXAVALENT CHROMIUM 

IN MILLIGRAMS 

Effect of varying amounts of hexavalent 
chromium on produaion of tumors in mice by 
3,4-bcntpyrene. 

Comment 
The fact that the small particles of the 

residue contain inore hexavalent chromiuni 
tliati the larger particles appears to be sig- 
nificant in evaluating previous animal 
experiments. The higher hexavalent chro- 
mium content of the siiialler particle size 
fractions increases the acute toxicity of the 
dust which reaches the lung. 

In inhalation experiments using roasted 
ore, such as those conducted by Baetjer? 
the amount of the material that could be 
administered was Ih i ted  by the acute toxic 
effects attributable to the hexavalent chro- 

, mium content. In reducing the concentra- 
tion of the niixed dust'in the exposure to 
avoid acute effects of the hexavalent sodiuiii 
chromate, the aniount of slowly soluble ma- 
terial was reduced also. The addition of a 
dichroniate to the roasted ore increased the 
acute toxicity. ' 

Prior to the production of cancers in rats 
and niicc by chromium compounds, it had 
been suggested that chroniiuin niay act as 
a promoting agent rather than as a primary 
carcinogen. The administration of 3,4-benz- 
pyrene with residue dusts containing chrotni- 
uiii gives no evidence of a prorr?ting effect 
but, instead, an inhibiting effect. It is known 
that quinones can be formed by oxidizing 
3,J-benzpyrene under various conditions.16 
One of these, the S,8-quinone, was prepared 
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aiid tested for carcitiogctiicity by Licrcn- 
blum,10 It did riot produce cancers when 
injected subcutaneously. The oxidatio1.1 of 
benzpyrene by the chrotnate ion could account 
for thc reduction in the tumor iiicidence 
among mice treated with both bentpyrctie 
and residue containing varying amounts of 
hexavalent chromium. The reduction in the 
tumor iiicidence appears to bc the result of 
R cheiiiicat reaction rather than tumor in- 
hibition resultiiig from competition between 
c;lrcinogeiis and anticarcinogens, as sug- 
gested by Kotin IT in explaining the inhibi- 
tion of some aromatic carcinogens by their 
partially hydrogenatcd derivatives. Hit I,l8 

in a discussion of thc inhibition of 
9, IO-dimethyl- 1 ,%benzanthracene skin car- 
cinogenesis by polycyclic hydrocarbons, 
proposes that the action inajr be a nianifesta- 
tioii of a relatively nonspecific cellular in- 
jury by the inhibitors. Such an action by 
chromates s e e m  possible, but the chemical 
reaction mechanism appears to be more 
1 ikcly. 

The production of tumors in rats and 
mice by pure chromium compounds l o e l l  and 
the negative results of Cahnmann and Gro- 
gan in the extraction of fluorescing aro- 
matic compounds from the roasted ore 
indicate that aromatic hydrocarbons from 
the roasting process are not responsible for 
the high incidence of lung cancer among the 
chromate workers. 

In  the mice to which the residue was 
administered without benzpyrene the tu- 
mors occurred only in the group that re- 
ceived the less than lop fraction from which 
most of the water soluble material had been 
removed. It appears that i f  a means could 
be found to renove sotile of the acutely 
toxic sodium clircxliate from the residue 
without removing other constituents or 
changing the chemical or physical state of 
the mixture, a larger dose could be admin- 
istered to the animals with a possible higher 
yield of tuniors. 

In comparing the results of the iniplan- 
tation of the residue in rats and mice with 
those obtained with pure chromium coin- 

VO~. 1, J d y ,  1960 



CHROMITE ORB IN PRODC’CTION OF CANCER 

pounds by Hueper and Paync10 in rata and 
by Payne” in mice, it should bc notcd that 
much larger amounts of chromium wcre 
administered in the pure compounds than 
in the residue. The dose of the chromium 
compounds was 10 ing. for mice and 25 
mg. for rats while less than 0.5 mg. of Cr+@ 
were present in the .dose administered to 
rats. The aniount of chroliiiun~ in the resi- 
due injected into the mice was less than 1 
mg. (Table 3). Even with the small’doses 
used, four Sarcomas were observed in the 
rats receiving the residue and three sar- 
comas in the inice of Group 111. 

From these observations and from the 
chemical analysis of the residue, it can be 
concluded that the residue does contain 
material that is carcinogenic, at least to rats 
and mice. The  results of this experiment 
and the production of tuniors in rats by 
Hueper with roasted ore indicate that the 
intermediate products ir, the production of 
chromium chemicals and the discarded rcsi- 
due should be considered hazardous. 

Concludons 

Fractionation by particle size and analysis 
of the residue from leaching roasted chro- 
mite ore reveal that the smaller particles 
contain a higher percentage of hexavalent 
chromium than the larger particles. This 
increases the acute toxicity of the smaller 
particle size fracti0n.s which reach the lung 
by inhalation. 

The subcutaneous injection in mice of 
3,4-benzpyrene with the residue resulted in 
a lower incidence of tumors than when the 
benzpyrene was injected alone or with very 
insoluble chromic phosphate, The incidence 
of tumors decreased and the latent period 
increased with increasing amounts of hex- 
avalent chromium. No promoting effect was 
observed. . 

When administered by implantation in 
sheep f:it the residue produced sarcomas 
in 4 of 70 rats. A traction of the residue 
from which most of the water soluble coni- 
pounds had been removed produced similar 
tumors in 3 of 52 mice when injected sub- 
Poynr 

cutaneously, N o  tumors occurrcd in the 
control groups of the same size and in 
groups receiving two othcr fractions of the 
residue or a group receiving chromic phos- 
phate. 

The results of this cxperiment give 
additional evidence that the inteniiediate 
products in the production of chromium 
chemicals and thc discarded rcsidue may be 
hazardous. 

The lifc table analysis was pcrforincd by Mr, 
Natlian Mantrll of tlic Nnlioiial Cniiccr Iiislitute. 

This work was doric as part of the thcsis rc- 
quircmcnt leading to the Doctor of Scicixc tlcgree 
at tlic University of Pittsburgh, 

For advice and counscl, thanks are duc nicnibers 
of the faculty of the Gradtiate Scliool of Public 
Health wherc a portion ot the expcrimcnt was 
per I ornred. 

Dr. W. C. Hirepcr kindly performed tlic au- 
topsies on 1)ic animals atid interpreted the histology. 
The tcchnical assistance of Miss Johanna Zucfle 
in the preparation of tlic sectioiis for Iiistological 
exaniination aid Mrs. RIJCY Walkcr, who iniplanted 
the materials, is apprccintcd, 

Advice on tncthods of chemical analysis givcn 
by Dr. W. H. Hill of the University of Pittsburgh 
and Dr. C. H. Grogan a d  Dr. Walter Conway 
of the National Cancer Institute is apprccintecl 
greatly. The x-ray diff ra:tion nnalyscs were con- 
ducted by Leroy E. Alexander and Sidney s. 
Pollack of the Melloli 1:istitute 

Environmental Cancer Scction, National Cancer 
Institute. 
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